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® Bio-ftuld assay apparatus. 

® There is disclosed micro-processor controlled 
bio-fluid assay apparatus wherein microtitre plates 
are on carriers having machine readable labels and 
wherein the samples of bio-fluid and reagent dis- 
pensers also preferably carry machine readable la- 
bels whereby the micro-processor which controls 
movement of the plates through the apparatus can 
verify correct operation thereof. 
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BiaFLUID ASSAY APPARATUS 



This invention relates to bio-fluid assay appara- 
tus of the kind (hereinafter termed of the kind 
referred to) wherein measured samples of bio-fluid, 
for example serum, are introduced into the wells of 
a microtitre plate (hereinafter 'plate') for subse- 
quent chemical reaction and analysis. 

A principal use of apparatus of the kind re- 
ferred to is the carrying out of immuno-assay tests 
of serum, the wells of the plates being dosed with 
antibodies appropriate to the tests to be performed, 
suitable chemical reagents then being added prior 
to Incubation washing and reading. 

It Is an object of the present invention to auto- 
mate the operation of apparatus of the kind re- 
ferred whilst ensuring a high level of security 
against en-or. 

According to the present invention there is 
provided a bio-fluid assay apparatus of the kind 
wherein measured samples of bio-fluid, for exam- 
ple serum, are introduced into the wells of a micro- 
titre plate for subsequent chemical reaction and 
analysis, comprising: 

a micro-processor controller which may be input 
with details of patients and the tests required; 
a plurality of discrete plate caniers; 
an input magazine for said carriers; 
an output magazine for said carriers; 
a number of operational stations intermediate said 
input magazine and said output magazine; 
plate carrier transport means which is controlled by 
the micro-processor for collecting plate carriers 
from the input magazine and progressing them 
through the successive operational stations and 
delivering them to the output magazine; 
each plate carrier having a uniquely indentifying 
machine readable label which by reference to the 
data held by the micro-processor will indicate the 
particular type of the assay to be effected on the 
samples carried by the plate; and the transport 
means including means for reading said labels 
whereby the micro-processor control means can 
verify that each carrier taken from the input maga- 
zine was loaded and is selected conrectiy and can 
confirm the validity of other movements during the 
assay cycle. 

A first operational station may be a transfer 
station at which the plates receive measured sam- 
ples of bio-fluid transferred from a sample receiv- 
ing section by an automatic pipette an^angement. 

The sample receiving section may include a 
reader for machine readable labels on sample 
tubes to confinm that such are con'ectly loaded into 
the sample receiving section. 

Otiier operational stations may include a station 
where chemical reagents are added to tiie plates 



by a reagent dispensing arrangement, a multiplate 
incubator, a plate washer and a plate reader. The 
Incul^ator may be of tiie shaking kind. 

The reagent dispensing arrangement may 
5 comprise an indexable dispensing head. 

The head may comprise a plurality of reagent 
dispensers, which may be automatic pipettes, any 
one of which may be indexed to a dispensing 
position. 

10 The pipettes may have multiple reagent exits. 

The dispensing arrangement may further com- 
prise a machine readable label associated with 
each reagent dispenser and indicating the identity 
of the reagents carried thereby and a \3be\ reader 

IS at the dispensing position. 

The reagent dispensers may be operated by a 
simple set of powered piston plungers at tiie dis- 
pensing position. 

The invention will be further apparent from the 

20 following description with reference to the figures 
of the accompanying drawings, which show, by 
way of example only, one form of bio-fluid assay 
apparatus embodying same. 
Of tiie drawings:- 

25 Rgure 1 shows a perspective diagrammatic 

view of the bio-tiuid assay apparatus according to 
the invention; and 

Figure 2 shows a detail of the reagent dis- 
pensing station of the apparatus of Rgure 1 . 

30 The apparatus is controlled by a suitably pro- 
grammed micro-processor M. which is input with 
details of patients and the tests required for exam- 
ple Thyroid, Fertility. Steroid, HIV, Hepatitis and so 
on. Each test may require a plurality of separate 

36 assays. An operator will be directed by the micro- 
processor to load the apparatus with appropriate 
plates and samples of the patients* bio-fluids on 
specified caniers at specified locations. Thereafter 
tiie h-ansfer of bio-fluid to the plates and progress 

40 of the plates through the various operational sta- 
tions is under the control of the micro-processor 
which will give a print-out of all completed test 
results. In general the micro-processor will deter- 
mine the order in which different assays will be 

45 performed to optimize throughput having regard to 
different residence time requirements at different 
operational stations for tiie different assays and 
other factors. 

Turning now to Fgure 1 . it will be seen tiiat the 

50 apparatus has an input magazine generally indi- 
cated at 10 for plate carriers 11 each loaded with a 
mtcrotib'e plate 12, and an output magazine 13 
which receives tiie camers 11 after they have 
passed through tiie various operational stations of 
the apparatus. 
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The uppermost tier 10a of the input magazine 

10 defines a transfer station at which the wells of 
the plates are dosed with measured volumes of 
bio-fluid transfen-ed thereto by a multi-head auto- 
matic pipette arrangement generally indicated at 14 
and Indexable along the x-axis on rails 15 between 
the transfer station and a sample receiving section 
16 loaded with tubes 17 of sample. The an-ange- 
ment 14 is also indexable along the y-axis so that 
the pipette tips can register with any desired wells 
in a ptate located on a earner at the transfer 
station. The pipette tips are themselves movable 
along the z-axis as is obviously necessary for col- 
lection arKl delivery of sample. The pipette tips 
may be automatically exchanged or washed after 
each use in known manner. The tubes 17 carry 
bar-coded labels 18 (preferably printed under con- 
trol of the micro-processor at the time of data 
input). A laser bar-code reader 19 which reports to 
the micro-processor M is provided to verify that the 
operator has positioned the sample tubes 17 in the 
receiving section at the locations directed. 

Essentially the apparatus includes a plate car- 
rier transfer mechanism comprising a foric 20 ad- 
vanceable and retractable along the y-axis to en- 
gage with the underside of or be withdrawn from 
beneath a selected plate carrier. The fork 20 
moves along the y-axis relative to a support 21 
movable upwardly and downwardly along the z-axis 
relative to a support pillar 22 itself movable from 
side to side along the x-axis. 

In accordance with the invention each of the 
plate carriers 11 canies a uniquely identifying ma- 
chine readable label 28 which by reference to the 
data held by the micro-processor M will indicate 
the particular type of assay which the plate carried 
thereby is to undergo. The support 21 carries a 
reader for the labels 28 and this reader reports to 
the micro-processor on tiie identity of each carrier 

11 which tiie fork 20 engages. 

In this way the micro-processor can verify that 
the operator has positioned plate carriers 1 1 loaded 
with plates as directed and confirm the validity of 
other movements during the assay cycle. 

Movement of the foric 20 aiong all three axes is 
under ti^e control of tfie micro-processor to collect 
plate carriers from the input magazine 10 and 
position them in the transfer station and after they 
have been dosed with sample move tiiem to a 
station generally indicated at 23 where reagents 
appropriate for the assays to be effected are dis- 
pensed into the wells of the plates from a rotatably 
indexable dispensing head 24. 

The station 23, shown in more detail in Figure 
2. comprises an indexable dispensing head 24 
rotatably mounted below a stationary module 43. 
The head 24 is indexed by commands from the 
micro-processor M. The head 24 comprises a plu- 



rality of arn)s 46 radially extending from its centre 
of rotation, each anm having a machine readable 
label 65 located on tiie face of the distal end 
tiiereof, said label 65 being Indicative of tiie 

5 reagent carried. The label 65 is read by a latDel 
reader 76 attached to the module 43, which reports 
to the micro-processor M, enabling verification that 
the correct reagents are dispensed to the conrect 
wells of each plate presented at tiie station 23. 

10 Each of the arms 46 comprises a plurality of 
reagent dispensers in the form of multi-channel 
pipettes 47. The pipettes 47 are filled from contain- 
ers of stock reagents, which may be located in the 
arms 46. Preferably three pipettes each possessing 

15 four reagent exit channels are located in each of 
the arms 46. 

The module 43 has a plurality of powered 
piston plungers 45 located ttierein and extensible 
therethrough to engage witii the pipettes 47. The 

20 plungers 45 are actuated, as directed by ttie micro- 
processor after verification of the labels 65 to op- 
erate the pipettes 47. 

Whilst tfie reagents are being dispensed tiie 
plate carriers remain supported by the fork which 

25 executes necessary step movements in the x and y 
directions. 

The fork 20 tiien moves tiie plate earner into 
an incubator 25 and deposits it for tiie required 
residence time before collecting it for transfer to a 

30 washer 26 and reader 27 in turn. The incubator 
may have a variable heat control and may include 
a refrigerated zone, since It may be desired to 
carry out the colounmetric stage of some assays, 
for example the peroxidase catalysed cleavage of 

35 3,3 , 5,5' -Tetramethylbenzidine Dihydrochloride, at 
temperatures below room temperature. 

The plate carriers may remain supported by 
the fork whilst in the washer and reader and the 
foric may execute necessary step movements to 

40 enable reading of all wells. Alternatively tiie plate 
carriers may be deposited in the washer for a 
required time and also in tiie reader if of suitable 
design. After each plate has been read, the foric 20 
transfers it to the output magazine 13 wherefrom it 

45 may be retrieved by the operator to enable the 
used plate to discarded (or re-read for quality 
control purposes, for example) a new plate moun- 
ted and the carrier repositioned in the input maga- 
zine as directed. 

50 The plates engage witii the plate carriers such 
that their position ttiereon is precisely determined. 
Equally the plate carriers have projections or 
grooves which are engageable with complementary 
fonnnations on the fork and the surfaces which 

55 support them at the various operational stations. 

The labels 28 and 65 are convenientiy mag- 
netically coded and readable by an array of mag- 
netically operable reed switches, but other kinds of 
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label such as bar-coded labels are possible. 

Apparatus, according to the invention, may be 
used, in addition to immuno-assayp in for example, 
an assay for the cell proliferative potential of bio- 
fluid. Cells may be seeded in the wells of the 
microtitre plates and cell growth or proliferation, for 
example, can be monitored spectrophotometrically 
after suitable cell staining and washing regimes. In 
this way, the vaso-proliferatfve potential of diabetic 
serum, for example, may be assessed. 

It will be appreciated that it Is not Intended to 
limit the invention to the above example only, many 
variations, such as might readily occur to one 
skilled in the art, being possible, without departing 
from the scope thereof as defined by the appended 
claims. 



Claims 

1. A bio-fluid assay apparatus of the kind 
wherein measured samples of bio-fluid, for exam- 
ple serum, are introduced into the wells of a micro- 
titre plate for subsequent chemical reaction and 
analysis, comprising; 

a micro-processor controller which may be input 
with details of patients and the tests required; 
a plurality of discrete plate carriers; 
an input magazine for said carriers; 
an output magazine for said carriers; 
a number of operational stations intermediate said 
input magazine and said output magazine; 
plate carrier transport means which is controlled by 
the micro-processor for collecting plate carriers 
from the input magazine and progressing them 
through the successive operational stations and 
delivering them to the output m^azine; 
each plate canrier having a uniquely indentifying 
machine readable label which by reference to the 
data held by the micro-processor will indicate the 
particular type of the assay to be effected on the 
samples candied by the plate; and the transport 
means including means for reading said labels 
whereby the micro-processor control means can 
verify that each carrier taken from the input maga- 
zine was loaded and Is selected correctly and can 
confirm the validity of other movements during the 
assay cycle. 

2. Apparatus according to claim 1. in which a 
first operational station is a transfer station at which 
plates receive measured samples of bio-fluid trans- 
ferred from a sample receiving section by an auto- 
matic pipette arrangement. 

3. Apparatus according to claim 2« wherein the 
sample receiving section includes a reader for ma- 
chine readable labels on sample tubes to confirm 
that such are correctly loaded into the sample 
receiving section. 



4. Apparatus according to anyone of claims 1 
to 3, further comprising a station where chemical 
reagents are added to the plates by a reagent 
dispensing an^ngement having an indexable dis- 
5 pensing head comprising a plurality of reagent 
dispensers. 

6. Apparatus according to claim 4, in which the 
reagent dispensers are automatic pipettes, any one 
of which may be indexed to a dispensing position. 

70 6. Apparatus according to either claim 4 or 5, 
in which the dispensing arrangement further com- 
prises machine readable labels associated with 
each reagent dispenser and indicating the identity 
of the reagents carried thereby, and a label reader 

75 at the dispensing position to verify tiiat the correct 
reagents are dispensed to tiie correct plates. 

7. Apparatus according to any one of claims 4 
to 6, in which powered piston plungers at the 
dispensing position operate the reagent dispensers. 

20 8. Apparatus according to any one of the pre- 
ceding claims, furtiier comprising a multiplate in- 
cubator. 

9. Apparatus according to any one of tiie 
proceeding claims further comprising a plate wash- 

25 er. 

10. Apparatus according to any one of the 
proceeding claims furtiier comprising a plate read- 
er, 

30 
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